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In the present work systems approach has been adopted 
for the design of health delivery systems for I*I*T* - Kanpur 
c disunity* or cowmasities similar to this* For synthesis of 
alternative solutions study of existing health centre and its 
environment has been undertaken* Feasibility of various alter- 
natives have been analysed* The best alternative is a combina- 
tion of a consultation centre, health workers programme and 
an elaborated health education programs®* The system arrived 
at is similar to one which exists in its present fora* 



fh® best alternative is not Justified due to diffi- 
culties encountered in isath enufc ic ally formulating the system* 
l step has been taken In this 'direction in modelling the 
system for its demand estimation of services* Ihe results 
of the modelling are higher than the set ml consumption* Shis 
discrepancy is explained on the basis of nuober of difficul- 
ties f x.:ed in q{«ntituvely formulating the system* 
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xaraoooonjH 

Health is the primary concern of all of us* It is 
essential that proper health of the citizens of a country be 
maintained so as to upkeep the progress of the country* 4 
broad national policy is needed to tackle the problem of health 
care in* a country* In addition* regional needs of health care 
are also to be met* For this* comprehensive regional planning 
is essential* arm though health delivery systems may exist* 
efficient management is required for their proper functioning* 
In a country like ours* delivering health to every village 
needs a sound policy* a connected network of regional health 
delivery units and a veil co-ordinated organization. 

To solve this national problem* a systems approach 
need to be adopted* This approach tackles the social need In 
a comprehensive manner leading to the detailed design of Its 
elements* It is a methodology carrying out synthesis of solu- 
tions and evaluation of the system in a chronological order* 
For each step in the chronological order* detailed solutions 
are obtained by feeding information • 
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1 *2 Importance of Industrial iiigineering in Health Industry* 

The national health problem is enoromous and involves 
a complex set of local health prcfclens# Hat i anal health problem 
is to be solved on a macro level whereas the regional health 
problems are to be solved m micro level* Systems approach is 
a novel methodology which can be applied to both the problems* 
irrespective of their magnitude* 

It is a fact* from the view of diagnosis and treatment* 
that the proper functioning of health delivery units is very 
much dependent on the physicians* Progress in medicines and 
research in medical field .are the two factors that help in 
keeping away chronic diseases in a country* Nevertheless effi- 
cient utilization of available facilities is very important* 
so that maximum possible care is given to patients. Also 
because of lack of facilities, physicians shall not be restric- 
ted In utilizing their s pedalled knowledge in curing the ill- 
ness. Often it is a matter of unavailability of proper faci- 
lities that has led to disastrous ends* Hence it is important 
that the design of every regional and local health delivery 
unit be carried out from maximum utility point of view* It is 
in this aspect of the design that the application of the tech- 
niques of industrial engineering is also called for* 

1 *3 Application of Industrial Bhgineering to Health Industry! 

The definition of Industrial engineering as adopted 
by Institution of Industrial Engineers (1 ) is 
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"Industrial engineering is concerned with the design* 
improvement and installation of integrated systems of men* 
materials and equipments* It draws upon specialised knowledge 
and skill in the mathematical* physical and social sciences 
t og ether with the principles and methods of engineering analy- 
sis and design to specify, predict and evaluate the results 
to be obtained from such systems". It is clear from this de- 
finition that its applications are called for in the design 
and improvement of a system involving interactions of men 
materials and equipments* Thus the health delivery system is 
similar to an industry* Viewed as an overall system, health 
industry has to have a well defined organisation and needs 
good management for its efficient working. Health Industry 
has a similarity to production industry in problems of men* 
materials and equipments. Whereas in the later it is the co- 
ordinated action of machines and materials together with the 
skill of operators that is Important* in the former it is the 
maximum utility of physicians* professional competence and the 
available facilities. Though most of thoughtful actions are 
called for from the physicians knowledge, his usefulness is 
increased tremendously if it is supported efficiently by the 
supporting staff and equipment . Thus one finds a lot of scope 
for the applications of Industrial engineering to health 
delivery systems. 

1 Areas of Health Industry Where I.E. can be Applied: 

Having seen the suitability of Industrial engineering 
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to health Industry, areas of this industry where the techniques 
of I.E* can be applied are to be explored. Some of the major 
areas where 1.3. can be applied are (2). 

1* Setting up of the organisational responsibilities « 
2. Management and co-ordination of staff, 

3* Selection, training and education of staff* 
Economic and financial evaluations for running 
the system* 

5 * Control of material flow in various department. 

6* rfork study and methods improvement of the 
hospital activities* 

7 * Inventory keeping of various consumable materials# 
8* Demand estimation of materials* 

9* Organisation of data processing systems for 
speedy feedback. 

10* Waiting line problems and improvement of 
waiting times* 

A.s mentioned earlier, for finding solutions to system problems 
through systems approach, exhaustive information is needed 
during solution steps. 4here stored information is not availa- 
ble, studies have to be made and information gathered* One 
such study is a micro level analysis of demand estimation* It 
is frost this view of point, that a problem in demand estimation 
is also attempted in the present work* 

The second chapter in the thesis deals with the 
systems approach of finding alternate solutions to health 
needs of IU.iC community* Systems approach is used as a 



methodology to study, an ilyse and sythesiz © various feasible 
solutions to health cure problems* First a needs statement 
of the health problem is mode* .is the campus has already an 
existing health centre, a study has been conducted for the 
collection of information on the system and its environment 
that is the campus health centre and campus environment* 

The third chapter deals uitfc the problem of cstima-* 
tiaa of demand for various services in the existing health 
centre* Modification of an earlier model (12) to suit the 
situations of Indian hospitals is given, the model includes 
» preventive curing aspect also* Sample data collected on the 
campus health centre and the results Obtained from the model 
are given in the fourth chapter* 


CHAPTER 2 


SYSTEMS APPROACH TO I .I.T ,~K. HEALTH 
DEUVERY PROBLEMS 

It is mentioned in the introduction that regional 
health delivery centres can be best designed through systems 
approach. If a regional health centre is already working, its 
performance can be improved through its system analysis* In 
the present work, design of a health delivery system for I *1 ,T - 
K* community has been considered* The existing health centre 
has been analysed for possible improvements# 

2*2 Asimov (3) in his book on "Introduction to Design" 

states that the first step in the systems approach is the needs 
analysis, which, in the case of health delivery at I.I.T-K is 
stated as follows, "I, I.T ,-K campus is located away from Kan- 
pur city. The community on the campus consists of students, 
faculty members and support staff, engaged in a specific acti- 
vity, like any other community elsewhere, the members of the 
campus community are also prone to all kinds of diseases and 

seek medical help in case of illness. /Bus to the campus loca- 



tlon, they are unable to utilise medical facilities available 
in the city. To upkeep activity in which the community is 
involved, individuals should maintain good health. The 
Institute administration should provide proper arrangements 
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for the medical facilities#} Hence a need to solve the present 

problem”. This is the broadest possible need statement* 

* 

2.3 Environmental Study: 

2.3.1 The second step in the systems approach is the study 
of environment (3) "In a natural system of plant and animal life* 
the system develops itself by its interaction with the environ- 
ment" (3)* In a similar manner* man made socio -ecological 
system* like a health delivery system, has an interaction with 
its environment during its active life. Let the health deliv- 
ery system be represented by a black box. The input to this 
box are several variables and parameters from its environment. 
Variations in these input quantities affect the performance of 
the system* and its outputs. (Figure No. 1 ) Hence for a proper 
understanding of the behaviour of the system* a study of the 
system and its environment is essential. 

In the present work* the environment of the 1 .1 *T *~ 
Kanpur health centre is the campus community and its surround- 
ings. A study of this environment is conducted* 

2.3*2 The study of the whole health system is divided into 
two parts: 

1* Study of the health centre* (as the main system) 

and 2. Study of the environment. 

* Conducted by co-worker of the author (10) 
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The first part* conducted by the author* Is described 
below in the following sections: 

(I) Location of the campus and its surroundings. 

(li) Type of the community and its activities, 
and (iii) Facilities provided on the campus. 

(i) Location of the Cam pis and its Surroundings: 

The campus of I.I .T. -Kan pur is located in northern 
part of India* It is about 12 kilometers from the centre of 
the city. The climatic conditions are extreme in the major 
portion of year. Because of its location, at present, the 
campus is not eon jested by adjacent growth of other communities. 

An air pollution study (4) of the city atmosphere has 
been conducted* I*I.T*-Kanpur campus was selected as one of 
the sample collect I on stations. The study shows that the cam- 
pus air is polluted but not to a hazardous level. However* a 
number of brick kilns and a thermal power plant are situated 
around the campus j and there is a possibility of additional 
industrial growth* This may threaten the purity of air in fu- 
ture. Also in the surroundings of the campus* there are some 
villages where the awareness of sanitation and good health is 
relatively low. A number of persons from these villages enter 
the campus dally* as milkmen* washermen* vendors of ice cream 
and vegetables etc* In case an epidemic errupts in these vi- 
llages ~ the probability of that being very high - the villagers 
will carry and communicate the epidemic In the campus community* 
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(ii) Type of the community and its Activities* 

The community on the campus can be broadly classified 
in the order of its population as below: 

a. Support staff and their families*, 
b* Students* 

and c. Faculty members and their families. 

Awareness of sanitation in the first group varies from very 
poor to normal* where as it may be near normal amongst the 
other two groups. The above mentioned groups, constitute the 
centre engaged in learning and research which are the main 
activities of the campus. 

(Ill) Facilities on the Campus: 

To sustain normal life on the campus* various facili- 
ties are provided. Those which are important from health point 
of view are: 

a. Water supply* 
b« Sanitation. 

c. Health care facilities* 

d. Hostels and residences* 

Information collected on these facilities is listed below* 
a. Water Supply: 

Campus water supply is by tube wells* Water is supp- 
lied directly from the tube wells* without storage* after treat- 
ing it with bleaching powder* Enquiries made from officials 
in Institute Works Department reveal the following 
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1 • Supply water is eligible for both drinking and 
domestic purposes, 

2, Contaminants of water are within the laurel pres- 
cribed by 4 arid Health Organization (*>). analysis of 
campus water and the W.H.Q. specifications are given 
in Table 5* 

3, to average daily percapita supply of 128 gallons 

of water is maintained in the non-scarcity seasons (6)* 
This is far above the minimum prescribed by W.H.O. 
which is 60 gallons percapita per day, 

4, Scarcity of water occurs only for two months in 
which period* the daily supply falls from a regular 
supply of 9 lakh gallons to 7 lakh gallons. 

In the light of the information given above* the dis- 
cussions with the medical expert (Dr. I. Krishan) revealed that 
there is less possibility of contracting diseases on the campus, 
either due to scarcity of water or through impurities in water. 

b* Sanitation on the Campus* 

The extent to which sanitation facilities are well 
maintained on the campus has a direct effect in reducing the 
load on the health delivery system. It also is a factor in 
keeping away epidemics and endemics from the campus comsunity. 
Information cm the sanitation of the campus is collected from 
Institute Roarks Department* by direct observations* and from 
earlier studies (6,7*8 and 9)* These informations are listed 


belowi 
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i) Sewerage: 

1 ) Human refuse and waste water of the campus is 
collected through a network of underground sewerage 
lines. The sewerage collected is carried to an 
oxidation pond which is about 1 .5 kms. away from 
the residential area. 

2) Sewerage is untreated and only exposed to natural 
action like sun rays. 

ii) Garbage* 


1 ) Campus garbage is collected from residential 
quarters* hostels and other public places by a system 
of cans installed at several places in the campus* 
However* less attention is paid to the most populated 
area of the campus, viz* Type 1 quarters. Garbage 
collection from the cans of this region is irregular 
sold the cans are without lids. As a result of this 
overfilling and spreading occurs* This creates feeding 
places for Hies* birds and animals* 

2) There is an inadequacy of garbage collecting 
wheel -barrows* The only van for collecting and 
transporting the garbage has insufficient capacity 
resulting in the increased number of trips from a 
place of garbage storage to dumping site. 

3) Transported garbage is dumped in natural pits at 
the entrance of the campus* Standard method of com- 
posting* which requires covering the dumped garbage 
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with a layer of soil, is not followed. 

Ill) D.D.'f • and Insecticide Program: 

the Institute Works Department has a D.D.T • program 
to control the mosquito population. Information collected is 
as follows: - 

1) Regular schedule of D.D.I • spraying is not 
maintained* 

2) Refusal for a D.D.T • spray is encountered In 
some places due to lack of awareness* 

3) D.D.T# supplied by outside agencies is not subject 
to any quality inspection prior to its use. 

c. Health Care Facilities* 

For the reasons mentioned In the needs analysis* a 
health centre is provided in the campus to treat common diseases 
of the residents* Its detailed study is conducted by the co- 
worker (refer M« Tech thesis of Hr* Kagaraj Murthy (10)). The 
health centre has outdoor, Indoor and X-ray units* For emer- 
gency cases and for diseases requiring specialised treatment* 
liaison with the city hospitals is established* Ambulance fa- 
cility is provided for all emergency services* From the study 
of the existing health centre (10)* details of Organizational 
structure* Various facilities provided and duties of personnel 
are given in Tables 1*2*3 and 

d* Hostels and Residences: 

The student community is housed in six residential 
hostels* Each hostel has a mess and the food supplied in all 
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messes is of the same standard from the health point of view. 

The cleanliness of cooks and bearers was observed* The follow- 
ing are some of the observations: - 

1 ) Food supplied in the hostels has enough nutrition 
and calorific values. 

2) Both vegetarian and non -vegetarian food are cooked 
in a common mess* Meat supply to the hostels is by 
contractors* Meat animals are slaughtered in the mess 

. premises* Ho prior examination of the animal or the 
meat is carried out* 

3) Disinfectants are not used for c leansing vegetab- 
les before their use in cooking* Washing the vegeta- 
bles in water is the common practice* 

b) General cleanliness of clothes* finger nails are 
not observed by the cooks and bearers* The dormitory 
In which the mess workers reside is congested and 
unclean* 

5) Enough clothing for these employees are not pro- 
vided with the result that the dirty clothes are worn 
for weeks* 

6) Facility for cleaning the utensils in warm water 
with disinfectants is provided* 

7) Srery hostel has a canteen* where the cleanliness 
is very poor* Snacks prepared in these canteens are 
not subject to any inspection during any tine In a 
year* There is a great possibility of students con- 
tracting diseases by eating food* «acks at these places* 
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The information mentioned above give ns an overall 
idtoa of the environment with which the health centre has to 
interact* Any solution to health delivery problem of the cam- 
pus should he chosen keeping in mind the Information gathered 
about the environment* 

2*4 SXSTJSH SMTHBSXS 

2*4*1 The third phase of the raethology in the systems appro- 
ach is to evolve solutions to a social need* Hall (7) calls 
this as system synthesis* It is also called the preliminary 
design step of feasibility study (3)* In this jfaas® creativity 
for systems design is called for* Brain storming sessions are 
held to bring alt out several solutions to the problem* The brain 
storming sessions held in the present work had the participa- 
tion of the following experts in addition to the author, and 
his co-worker* 

1* Dr* Iqbal Krishan (Medical expert), 

2. Dr. I»*S* Srinath (Systems analyst)* 

3* Dr* ¥* Sundararaian* 

4* Dr* H*V* Paraaeshwar* 

5* Mr* Subramnya Shastri (co-worker)* 

The sessions brought forward the following alternative solutions 
given in the chart forms 
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Activities Srograaa Steps Alternatives 


1 • Periodic visits 1 .Immuniza- 


to hostels and 
residences. 

2. Treatment for 
ninor ailments. 

3 • Hot ificati on 
of serious 
diseases to 
the consultant. 


ticn and 
Vaccination 

2 .Sanitation, 

3 * Health 

education. 


1 • Self medi- 
cation with 
► out mj cm 
suit at ion. 
2, Medication 
with remote 
consultation 


1 .Consultation 
on campus* 

2. Outside 
consultation. 

3 . Hired 
hospital. 

4 . Medical 
arts 
centre. 


All the four sub divisions under consultation are detailed 


as below: 
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1 . Consultation 2. Outside Hired Medical arts 

on Campus. consultation hospital centre 


a)Doctors* aid® 

a) Any consul- 

a)A portion 

a) Allowing 

program. 

tant in the 

of a city 

private 


city with 

hospital 

practice by 

b/A run fledged 


reimbursement 

is hired 

city tiiysi- 

consultant on 


of medical 

by the 

clans. 

the campus with 

medium type 

facilities and 

emergency 

expenditure 

and trans- 
portation. 

Institute . 

Indoor and 

outdoor 

treatment 

b)Hstablishment 

of additional 

activity on 

cases being 

b Specified 

are ren- 

medical 

referred 

outside. 

a) All types of 

facilities. 

consultant 

in the city 

with all 

other fa- 
cilities 

as in a. 

dered in 

this hos- 
pital to 

Institute 

employees. 

sciences. 


2.4.2 Feasibility of Solutions! 

The feasibility of various alternatives suggested is 
presented below. This step is necessary to find out the fea- 
sible solutions so as to arrive at the best design alternative. 

Each alternative is worked out for the following details* 

1. Organisation required. 

2. Man power requirement. 

3. Duties to be performed. 
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h, dork load on the personnel. 

5* Qualifications and experience required# 
and 6* Be Gnomic considerations# 

Theae details for the alternatives mentioned above are given 
in Tables mabec £ to 9* The conclusions drawn about each 
alternative is given below j 

1) Health Worked Program: 

Fro® the details of this alternative (Table number 6) 
it is seen that this alternative cannot be a complete solution# 
It may suit considerably as a part of some other alternative. 

11) Doctors* Aide Program* 

Doctors* Aide Program as practised in U#S*A# seems to 
be a better alternative* This may be a centralised system or 
a decentralised system with offices at some key places on the 
campus# Advantages and disadvantages of both the types are 

n c 

presented in Table 7 from the details# it is concluded that 
this alternative alone is not a complete solution to our prob- 
lem • This is the opinion of the medical expert also# The 
reasons for its incompleteness are 

1 • It does not have an accepted level of medical 
competance and qualification# 

2# long term illnesses# requiring intense care# 
cannot be treated on the campus* 
ill) Full Fledged Consultant on the Campus* 

The third alternative nearing the completeness of 
the solution# is to have a consultation centre on the campus 
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with full fledged consultants. The details of tills alternative 
are given in Salkle 8 • This alternative is a compromise between 
the sophisticated solution like a complete hospital and a health 
workers* program. Hence it is suggested that this alternative 
be combined with other programmes such as health worker* pre- 
vention and health education* to give a satisfactory system for 
the community *s health problems. 

Iv) Other Alternatives* 

The other alternatives arrived at earlier namely* 
Prevention* Self medication* Outside consultation* Hired hos- 
pital and Medical arts centre are found to be incomplete and 
economically unrealizable. A brief note on their incompleteness 
or economic unreal! sabi lit y Is given below: - 

1* Prevention* This is not a complete solution 
because it does not have any curative programme. 
However* this forms a part of the final solution* for 
prevention is one of the efficient programs In reduc- 
ing incidences of major Illness* 

2* Self medication* This also is an incomplete 
solution as it cannot be adopted In cases of complica- 
ted illness* Also knowledge of self medication is 
not common amongst all the individuals* nevertheless* 
it is advantageous to disseminate the knowledge of 
self medication through health education programs* 

It is handy for minor Illnesses and emergencies* 
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3* Outside consultation: From the discussions, it 
Is concluded that outside consultation program is 
infeasible because, 

a) It leads to extravagancy on medicines as the 
outside consultant can prescribe costly drugs# 

b) A fleet of vehicles has to be operated 
from the campus to the outside consultant* 

c) It gives scope for misuse of reimbursement 
facility and transportation facility. 

d) long term illness and maternity cases cannot 
be treated# 

4-# Hired hospital: This alternative serves consi- 
derably well the requirements of the problem# In 
some cities, like Bombay, (In Boabay city organisations 
like Bhabha Atomic Research Centre, Richardson and 
Cruddoss have hired a portion of J#J# Hospital,) this 
type of system Is adopted by many organisations# How- 
ever, for the present problem, this alternative is not 
physically reliazafele because, 

1# The Kanpur city hospitals are always over crowded 
and the administration of these hospitals refuse to 
rent any portion of their hospital^# 

2# Immediate care is not available to campus 
residents# 

3# Because of location, transportation facility 
has to be maintained,, which is costly# 

*f. Emergency cases requiring immediate care cannot 
be looked after# 
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5* Medical arte centre* mis alternative envisages 
establishment of teaching, practising and research in 
the area of medical sciences, on the campus* It then 
takes care of the health car© prctolems of the campus 
community* It gives a comprehensive solution but 
incorporates a number of other activities, which though 
ax® not necessary for health car® delivery are 
extremely useful* The alternative is economically 
unrealiasable for a comunity like I *1*1 - Kauri pur 
because of its unwieldy nature* 

2*5 System Analysis* 

fh© feasibility descriptions about various alternatives, 
mentioned in the previous section clearly indicate that none 
of the alternatives alone can be a complete solution to the 
health delivery problem* A satisfactory solution to the prcfclera 
is a combination of the alternatives discussed above* It Is 
suggested that the following combination of alternatives gives 
a reasonably good systems 

1* A campus consultation centre with fuHfledgod 
consultants and support facilities* 

2* An elaborate prevention program® incorporating 
health workers program© and 
3* Periodical health education programme* 

The first of these is described in detail in Table 5** 
For (2) it Is recommended that the program be entrusted to a 
separate body so that the prevention programs be carried out 
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independently. Decisions regarding the periods and frequency 
of immunization, vaccination and other prevention programs need 
to be taken In consultation with the physicians and the medical 
officers an the campus* The he Mth workers progravime, incorpo- 
rated, helps in giving c exist ant advise on sanitation, hygiene 
and cleanliness. It also helps in evaluating the prevention 
program. In (3) it is recommended that health education pro- 
grammes be carried out in collaboration with the governmental 
and charity organisations, working for the same. literature 
display, films and demonstrations are to be arranged periodica* 
lly to promote consciousness of good health* 

The suggested feasible combination of alternatives 
mentioned above, resembles closely with the existing health 
care delivery system on the campus* It is to be noted that the 
best alternative is arrived at by consensus. To arrive at the 
same rationally, there is a need of modelling the system and 
collecting exhaustive information regarding the effect of 
changes in various variables of the system* 

One such variable of the system is demand of various 
services* An attempt has been made to analyse demand of various 
services, in the present work. This basically is a micro level 
analysis which can help in analysing the system for the best 
alternative* A similar attempt has been mad© for waiting line 
problems in I*Z*T« - Kanpur health centre, by the co-worker of 
the author (10). 



Duties 



1* Attending to the Indoor 
patients# 

2« Administering the injections 
to the patients# 

(outpatient and inpatient) 

3* Seeping the admission 
records of the patients* 

4, Attending to the labour eases 


(ii) Salary 8s# 285/ 
per month 


(iii) Duty hours 

8 Ait «* 4 pm 
kM- 12PM 
12 PM * 8 AM 


(i) Mo. 4 

(ii) Salary? 

i. SMO 3s, 1 500/- 
per month 

ii. Br.1 8s, 1185/- 
per month 

iii. Dr. 2 8s. 911/- 
per month 

It. Dr. 3 750/- 

per month 

(iii) Duty hours: 

8.00 AM to 12.30 
4.30 PM to 6 PM 

II. Pharmacists 

(i) Mo. 5 

(ii) Salary* Rs. 217/- 
per month* 

(ii!) Duty hours: 

8.00 AM - 4 PM 

4.00 PM - 12PM 
12 PM - 8 AM 

III. AiCflU 

(i) Mo. 6 


1 « Attending to the patients 
in outdoor and indoor. 

2. Attending to the emergency 
cases. 

3. Visiting houses. 

4. Supervising over the other 
supporting staff and pre- 
paring their duty schedule. 

5* Inspecting drugs during 
purchase. 


1* Preparing the mixtures 
for patients. 

2. Dispensing the drugs. 

3. Keeping a record of 
medicines dispensed 
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TABLE 2 


fgPQFJIKG SERVICES 



Duties 


(i) 5 sweepers and 

V swee presses. 

(ii) Salary &* 150/* 
per month* 

(ill) Duty Hours* 

8 hours/day 


1* Cleaning the corridors* 
toilets and rooms of 
the health centre* 

r 

2* Attending to the emergency 
patients referred outside 
and sometimes accompanying 
them in the ambulance* 



Duties of the Drivers 


(1) No* of Ambulance 1 1. Bringing the emergency 

cases to the health centre 
(11) No. of Drivers 3 in ambulance* 

(ill) Salary* fls* 285/* 2* Taking the patients referred 

per month to the city hospital* 

(iv) Duty Hours* 3* Making ambulance bills for 

non -entitled patients* 

b, Maintaining the Log-book* 


8 AH ~ 2 PM 
2 PH - 8 m 
8 PM * 8 AM 


I 


(i) Ho* 2 

(11) Salary 3s* 100/- 
per month 
(Honorarium) 

(Hi) Duty Hours: 

9*0 m - 12*00 

4*30 PM - 6 PM. 

II Office Staff 

(1) Ho. 2 

(11) Salary: 3s. 223 A 
per month 

(ill) Duty hours: 

10.0 AM to 5 EH. 


Ill Store Keeper 

(1) Ho. 1 

(11) Salary 3s* 2*6/- 
per month# 


Duties 


1 • Guiding the new patients f or 
registration and preparing 
their files. 

2. Attending to l*iane calls 
for appointments, public 
enquiries and ambulance 
service. 

3. Maintaining the records 
of various clinics such 
as Infant and child case 
chest and physiotherapy. 


1* Preparation of bills for 
various items such as 
medical reimbursement, 
ambulance, nan-entitled 
patients and visits. 

2. Preparation of duty charts 
and no-due certificates# 

3* Maintenance of leave records, 
attendance registers, 
personnel files and 
stationeries# 


1* Keeping an account of the 
medicines purchased for 
the dispensary. 

2. Maintenance of the Stores 
records for contingencies, 
surgical instruments and 

furniture* 
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TABLE b 

BUSGEJaEY IHFORM&IION 



1969-70 

1970-71 

1971-72 


(lakhs) 

(Lakhs) 

(lakhs) 

1 • Personnel Budget 

• 

1 .8k 

1.86 

2. Cost of Medicines 

2.05 

2.75 

3*00 


and Reimbursement 
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T ABLE 5 

analysis og .cameos ^ysa.CQHPAflgp with the sPi&ificaiiins of w*h*o . 

Specifications* Campus Water Analysis 


Characteri st ic s 

Concentration 

Characteristics 

Concentrat: 

Lead 

0«QJ> mg/1* 

Total solids 

*0 mg/1* 

Arsenic 

0*05 mg/1* 

Total Hardness 

1?4 mg/1. 

Selenium 

0*01 mg/1* 

Total alkalinity 

480 mg/1* 

Chromium 

0*0$ Mg/1* 

Calcium 

140 mg/1* 

Cyanide 

0*20 Mg/1* 

Bic arbonat es ( calcium )480mg/l* 

Cadmium 

0.01 mg/1. 

Iron 

0*28 mg/1 

Barium 

1 *00 mg/1* 

Nitrates 

3*1 mg/1* 

Fluorides 

1 *00 mg/1* 

Sulphates 

1 3 *S mg/1* 

Nitrates 

4j? mg/1* 

Chlorides 

60 mg A* 



Fluorides 

1 .3 mg/1* 


Standard interval of Testing* 


Population upfco 20*000 

one sample/5000 population/m onth 

Ref* International - standards for Public 
Health* W*H*0* Publication* 
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TABLE 6 



1 * State regie- 3 sale 1 * Periodical 1 .Salary of This 

tered nurse, and house visits the staff alternative 
or a state 2 Female for health at fe.40cf/- does not 
certified nurses inquiry. P.M. form a 

midwife. Total complete 

2. Follow up of * 2000/- solution 
illness. to the 

2 .Medical problem. 

2. Diploma in 3.Identification kit The reasons 

Nursing. and notifies- Fa* 314-7/- are* 

tion of major Total 
illnesses to fis.514-7 1 .It lacks 

specialist. P.M. medical 

Yearly c ompetance • 

4-. anti natal total 

and Post &.61 , T64-/-2. Emergency 


natal care. 

and long 
illnesses 

5. Evaluation 

are to he 

of hygienes t 

referred 

nutrition and 

outside. 

sanitation. 

3. Indoor 

6.Advising on 

facility 

cleanliness 

is not 

and sanitation. 

provided. 

8 hours a day. 

b .Maternity 
problems 
cannot he 
handled# 
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tmm 7 

DOCTORS* AIDE HIQGIUM 

Qualifications and experience: 

1 * A Diploma in medical science with experience in treating 
patients. 

Man Power required* 

1. Six Doc tears* aides. 

2. A helper. 

3. A pharmacist. 

4. a clerk. 

Duties and Work Load* 

1 * Routine jobs* 

a) Attending to patients. 

b) Dressings and minor surgeries. 

e) Referring to outside for major illnesses. 

d) House visits* 

e) Pathological tests. 

2. Emergency cases on rotation. 

3. Transport supervision of ambulances. 

**■• Maintaining medical records* 

Cost Estimation Per month * 

1 . Salaries 

a) Salary of D.A. @ %. ?00/- P.M. Ss. 3000/- 

b) Supporting staff# Ru 200/- P.M. 8s. 600/- 

c) Medical kit P.M. is. 31^7 Tofeal/m Bs.6767/- 
Yearly total 8s. 81 ^204-/— 

Cost of Medical accessories is excluded. 


contd*.* 
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Remarks : 

This alternative is a better o;ne compared to health worker * s 
programme* 

Advantages and disadvantages of a Centralised System ; 

Advantages: 

1 • Reduces cost of maintaining personal staff* 

2. Quick results of pathalogical tests made available to 
doctors. 

3* Centralised drug storage, tiais reducing pilferation and 
wastage* 

b m Requires one set of costly equipments only* 

Disadvantages t 

1* Over crowding of patients and hence noisy atmosphere* 

2. Long waiting lines* 

3* Because of over crowding* each patient gets less attention* 
b* Long approach distances. 

Advantages and Disadvantages of a Decentralised System : 
Advantages : 

1. Less crowding and hence peaceful atmosphere. 

2* More time available for each patient for consultation. 

3. Easily approachable* 
b. Short waiting lines. 

Disadvantages: 

1. Additional equipment cost. 

2. Increased staff. 

3. Each unit cannot be provided with lab facilities hence 
lack of immediate information* 

b. greater scope for wastage and pilferage . 
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TABLE 8 

A FJLL FLUOGBD CONSULT A.TIOH CENTRE ON THE CAMPUS 

Qualification and Experience? 

1 * Doctoral M.B.B.S* with experience as a physician* 

2. Pharmacist i Diploma in pharmacy. 

3* Pathologists Certificate holder in pathology labs* 

4, Horses, Dressers, Mldwivess Matriculates with training 

in nursing* 

Man Power Requirement ! 


1 • Doctors 5 

2* Pathologist 1 

3 • Pharmacists 3 

4. Dressers 3 

5 * Horses 5 

6* Midwives 3 

7* Clerk 1 


8* Sweepers, tfardboys 10 
and Ayahs 

9* X-Ray Operator 1 
Doties and R esponsibilities with jjork .Load: 

1 • Daily attendance to patients, with examination, and 
prescription of medicines* 

2* Attendance to Emergency cases brought to the Office and 
to calls from the residences* 

3* Advicing management on purchases of medicines, etc* 

4* Organizing immunizations, special clinics and health 
education programs. 


eontd*,*. 
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5. Training the staff for advanced work 6 hours /day. 

Support facility; 

1* Consultation Offices. 

2* Pharmacy . 

3. Phathalogy Lab* 

4. Impatient Ward. 

5* Qrthopediacs and gynaecology specialisation. 

6* Injection and dressing rooms* 

7* Transport facilities for referance to outside specialists* 
8. Business office and office equipment* 


9* labour room* 

10. Reservation of two beds in the city hospital for 
specialised and long treatment* 

11* X-ray facility* 


Cost Estimation ! 

1* Salaries of Doctors# Ik. 1000/- P.M. 
2* Salaries of supporting staffi 

i. Pdthalogists K 250/- P.M. 
11. Pharmacist* 
ill* Dresser* 


It* Nurse* 

T. Midwife 

vi. Clerk 

Vli* Sweepers, 

wardboys* etc* 

viii. X-ray operator Bs. 200/- P.M. 

Yearly total Ik. 1 ,22,400/- 


b* 250/- P.M. 
Is, 200/- P.M. 
Bs. 2^0/- P.M. 
Bs. 200/- P.M. 
fe. 300/- P.M. 
Ik, 150 /- P.M, 




5000/- 


contd. .... 
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3* Cost of Medicine Hs« 37*750/- p*a* 

Grand total Rs* 1,60*150/- P.a* 

Cost of medical accessories excluded* 

Remarks* 

Ms solution meets most of the requirements of health 
delivery problem* All the disadvantages like low level 
of medical eaopefcanc8, lack of specialization and faci- 
lities. of other solutions are overcame in this solution* 
However, this alone does not form a satisfactory solution 
to the problem* It is suggested that a combination of this 
solution with other programs like health workers program, 
preventive program forms a satisfactory solution. 



33 


TiiBLS 9 

FIHaI. solotion suggested 

Name of the Parti 

1. Campos consultation centre* 


Man Foyer i 

1 * Doctors 5 

2 * Bathalogist 1 

3» Pharmacist 3 

4. Nurses 5 

5 • Dressers 3 

6 * Midwives 3 

7* Sweepers, iar<t>oys 10 
and Ayahs. 

8 * Clerk 1 

9 * X-ray operator 1 


MMa an <3 Responsibilities! 

1* Doctors 

Duties and responsibilities as described in table 8 * 

2 * Pathologist, Pharmacist and Nurses s 

Their duties include their own professional *rork and 
an emergency call to do medical work outside their 
profession. 

3* Dressers and Midwives t 

Duties same as in item 2 above* 
b* Clerks 

He should be able to manage business correspondence, 
preparation of bills for reimbursement and Maintaining 
official records* 


eontd..*. 



Additional Facilities to be Provided! 

1 • Quick transport facilities for emergency cases requiring 
hospltaliaatl on in the city. 

2. A sepcialist in the city hospital hired on part time basis 
3* Ambulance service for the Campus - Transport for patients 
who are seriously ill* 

Cost Bsti^aatl aq t 

1. For item nun&ers 1 to 9 under Man power t details are 
given In table 8. 

Yearly total 8s* 1* 22,400 

2* Year lyContr act amount for the city 

specialist 5*000 p.a* 

3* Bunning cost of ambulance vehicles 

per year § 200 lltres/month petrol is* 3*600 
Repairs 1 *000 


Yearly total 


Hi* 4*600 p*a* 
Ss. 1*32,000 


Mm sLMa-Iaz l» 

2. Prevention Programme and health workers programme 
3* Health Education 
Man Power s 

1* Prevention 2hcharge (1) 

2. Health irforkers (2) 

3* Clerk (one) 

Same personnel as is 2 above will administer this 
program also* 

Conti... * * 
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Duties and Responsibilities: 

Prevention Incharge: 

1» Conducts preventive programmes like immunization, 
vaccination* I ABC, tetanus etc. 

2. Maintains correspondence with the city preventive 
programme officials * 

3# Administers the health education programme as 
mentioned in the Part 3. 

Health Workers: 

1* Duties as mentioned in their programme in Table 2. 

2. Assist in health education programmes. 

3. Prepare programmes for screening films on health 
and sanitation. 

4-. Keep liaison with similar organizations. 

Facilities Provided: 

1* An office with business equipment. 

2. Film projectors* demonstration desks and other 
accessories. 

3. Transport facilities. 

Heaakrs: 

Cost analysis for these two programmes are not 

considered as sufficient cost information is not 

available. 
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It was mentioned to Chapter 2 that system synthesis 
gives various alternatives to a design problem* For selecting 
the best alternative* exhaustive infonaatiaei about various 
alternatives la required* This can be obtained either from the 
statistical data of the existing systems or from a mathematical 
modeling of alternatives for important objectives* One such 
objective is .that of demand estimation* The formulation not 
only helps to ay stem design analysis but also can be used for 
improving toe services of existing health centres* 

3*2 FORM0IATIJI OF TM VB-Q&WM. 

A stochastic model of the Indoor process in a 
hospital has been formulated by Dr.Small wood (10), The model 
estimates the avenge demand of services and its variance 
from the stochastic model* 

The present work is to formulate the problem of 
health - cure process for an out door patient department of 
IITC Health Centre and those similar to It* suitable to 
treatment conditions in our eoimtry* Model for health cure 
process is also presented when a preventive programme is 
incorporated, k ease stud? for demand estimation for I IT * K 
Health Centre is undertaken* 
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Maintaining good, health is closely related to immunity 
to most of the prevalent diseases* Still the cagaaiinity may be 
badly affected due to certain diseases* The pattern of these 
diseases, the medical treatment and the process through .*hich 
a patient has to undergo before getting cured, needs explanation* 
Sea© technical term® are involved *hieh are explained below* 

1* Arrival Pattern 

.Diseases in general occur randomly -and advance in a random 
manner depending m the individuals immunity to such occurrences* 
Once the level of disease reaches a threshold, the patient 
seeks medical help* This constitutes the arrival process* 

11* Disease Dynamics and Symptom Dynamics 

Alt lent alters the facility with the initial level of 
disease* ifcysician after examining the patient and diagnosing the 
disease wherever possible prescribes certain medicines* The pati- 
ent is thus put in his initial state of the disease* There after 
the patient ©ores from state to state ilth the medical treatment* 

In every state the physician prescribes different services depend- 
ing on the patient f s progress* The movement from state to state is 
a random process* The patient moves to the next state from his pre- 
sent state with a transition probability, after residing for some 
time In his present state* Thus the process is se^-Markoviun, 
with discrete time and discrete states* (figure He* 2). 

Diseases are classified according to an international 
standard <13)« Identification of diseases according to this 



standard requires couplet© diagnosis* which is not always possible* 
£ spec daily In many eases, in out door treatment* complete diagnosis 
is invariably not possible because of short time for patient 
examination* Also in developing countries like India, facilities 
for immediate tests and comanmic ation of results of the tests are 
not present in many hospitals* Hence some -times, treatment is based 
on symptoms* A group of symptoms is identified which pertain to 
major systems of the body like nervous system, Uver system and 
abdominal system* 4 symptom dynamics exists in this case and the 
patient moves from state to state of his symptom dynamics, with the 
medical treatment* It is similar to the disease dynamics and is 
send. * Markovian in nature* 

ill. Car® elements 

4 hen the patient is in a state, the physician prescribe! 
some services for the mudieal care of the patient ..like. X-ray, path* 
logical tests, medicines, indoor adaissicn etc# these services are 
ordered depending upon the level of disease of the patient and to 
seme extent, the practice followed by the physician* the latter 
varies from physician to physician, thus the demand for the care 
elements is another stochastic process* 

3*3*1 the Models • 

Saving described the technical terms, the shod* proceed 
of treatment of illness can be represented in a blech diagram as 
shown below* three models arc considered for demand estimation* 
they awe ; 

a. Model for the treatment based on disease dynamics 
b« Model for the treatment based on symptom dynamics 
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c* Combined treatment on both disease and symptom 
dynamics* 

1. Model for treatment on disease diagnosis (Figure II©* 3) 

In this model the following are the definitions of 
various quantities t 

°^(n) » Number of patients entering the facility 
on any day n with disease i 

ajj * Musfcer of patients who occupy k* 1 ** state of 
di 8ease t i, on any day* 

£ 

d^ m Number of care elements of type *m* required 
by a patient in the state of disease *i*# 


As mentioned earlier, the disease dynamics follows 
net work of discrete states, discrete time seal-Markovlaa 
process* The parameters of the serai-mrkovlan process are, 
(Figure No* 2)* 

*ik 88 Sr<3b4,to ^^F that a patient in state of 1 th 
disease will next transfer to lr a state of the same disease. 


hj k (n) 

tutored the J th 


[ Probability that a patient who has Just 
state of disease 1, will stay exactly *n* days 


before entering state k« 


il* Model for treatment on symptoms. (Figure No* *►) 


In this model the following are the definitions of 


various quantities* 
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are defined fttr convenience of derivation of results* 

i th 

1 • » Sitibsr of djys a patient 3 pends in k state of 

i disease (wherever disease is asntloriod the definition applies 
also to the symptom group)* 


i 

2* V k a Humber of days that tv© patients stay in state 
k of disease i, both having arrived at the facility m the 
saa© day* 


i th 

3* a Hiiniber of days that a patient in J state of 

disease 1* stays in that state simultaneously with another person 

in state k of disease i* Expressions for all th® three variables 


mentioned above* in terns of the semi - Markovian parameters are 
derived la appendix 1 . 

3*fc*i mim emus 

i 

The patient census r\ & Is defined as the nisaber of 

patients residing in state *k* of disease i* With the definition 
, i i 

of is given by 

o> 

where (-) is used to denote expected valuer • 

fh® variance of is measured as the expected 
difference in trajectory of CpJ * )» «s» 

■ Tar CnJ) » ju^ ~ + ^ar ( ) ' Ct) 

Expressions for (1) and (2) as ffcncticns of tte» 
a** derived using Ml * Markovian paranster# in. appendix 1 • 



For model ill* the equations <1 ) becomes 



* 



if K 3 

(3a) 


= 

P 1 

jk 

h 

if 1 > 3 

(3b) 

and 

-i_ 
n = 
r 

a i 

-i 

if r <k 

(M-a) 


ss 


i 

* 9jkPi 

) if 

<*►*) 



denotes the patient census in state 1. 
i 

denotes in state 1. 
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if 
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<5D) 

Var (n 1 

r 

II 

H* 

-i 

“ v r 

> + 

Var 

> 

(6a) 


if r < k 

- <«! + 4A )( Pt * ^ 5 * Var < 0 i +5 ^ i)(v r 5 

if k (6b) 

where denotes V?" in state r 
r k 

Expressions for (1) & (2) as functions of time, are derived 
in terms of semi - Markovian parameters in Appendix 1 * 
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3 .4- .2 mmm qw & t uri m 

Th.® second quantity of importance is the average demand 
of various services* For models (i) and (11}» this can be written 
in terms of the variables * oc^ and which have been defined 
earlier. Denoting Jk^ as the average demand of type m y 

%-¥*i <« 

The variance of D ffl is given by 

»«• <v » ¥ { <Tar t( V • «i ) !¥ 4 * 

«i ^ /4.^} (8) 

where 15^ is the mean square demand of type *»* in state 
of disease 1* 

For model ill* expression (7) becomes 

4*<£Pi £44*^ £i 4->i f= +1 ^-4> 

(9») 

where * 1 if Ml ^ j* Sj * 0 if Ml <, J* 

Ml * Humber of state# for symptom group* 

M2 » Humber of states in the disease* 

And 

^ a ^ + <3 f <9b) 



and 


Expression (8) beectaes 

Var (D s» ) * 

«, 8*1 fro® 1 to 3 

\ U 1 **} * {f Vap 

^1 ▼•! ^aa'^Li ♦ ®i ^ J“ * (“*0a) 

8*1 fro® 3+1 to Kt 

V#r ‘"a.* - ^ { <Var <V - «i> 

r*x frcot 1 to k»l 

mm 

* IrPf <s ra + ^-{Say ~ {\ + <jJ k f*t3 

r~x (y rx *4a * * ji *raj * < 10b > 

r*x fro® k to M2 


Expression for (7)and(8> in terras of seial^rkorian parameters 
and as functions of tine are derived in Appendix 1 * 
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3.4.3 Preventive Program: 

When a preventive program is employed in reducing 
the number of incidences of certain diseases* it is possible 
to ascertain, by statistical methods the percentage 
to which the program has been effective. 

It is the percentage suecessfulness of a preve- 
ntive program for disease 1, the patient inflow to the health 
facility gets reduced by this factor* In the expressions for 
patient census and average demand, OC ^ the earlier patient 
inflow, when the preventive program was not in operation. 

Is to be replaced by (1-x^) oc^. The expressions, then, give 
the expected load, taking into consideration the effect of 
preventive programs. 



CHaPTSR b 


■ SiMPliS mu COUMCTKM AHP HE5UIX3 


It is mentioned in Chapter 3 that three models can 
represent an out door department of health centre but only the 
first one is tested for Its suitability in the present work by 
collecting sample data from the X*X*T. Kanpur He ath Centre, 
this involves* 

a) Selecting the most prevalent diseases* 

b) Establishing disease dynamics for the selected 

Ol»8&SeS dBO, 

e) Selecting the care elements. 

Formats are designed to collect relevant data for all 
these diseases. For the data collected the results are coeluted 
cm IBM 7dM* computer* Steps Involved are detailed below* 

4** 2 Study of the Experimental Static® 

iHth a view to design the experiment tor data collection* 
the patient inflow in the Health Centre • out door, through venous 
service counters* is dsscrlbed diagrammatic-ally in Figure 7,# 

4*3 Selection of JHseasss 

9lor the purpose of sample data oollmctipq* diseases' 
are sslsstsd on the following basis* ’ 



1 . 


Commonly prevalent diseases which cause maximum 
load on the health centre* 

2* Diseases for whioh disease dynjaics can be 
established with all the possible details* 

3* Dimentlcos of the experimental work and the 
available mm power for data collection and 
hm LevelT prediction of the disease with simple 
diagnosis* 

Zn a series of discus alone with the physicians 
on the Campos, the objectives of the study were explained 
to them, and the final list of diseases is decided on the basis 
of consensus* Originally the list contained 2$ diseases but 
was reduced to 10, listed in fable 10, because of the dimension® 
of the experimental work and the limited available personnel 
help* 

4*4 selection of Care elements 

As explained in 3*2, every state in the curing process 
is defined by three parameters* These are the transition 
probability, stay period and a set of care elements demanded 
by the patient during hi® stay in that state* In the Health 
Centre, the service coasters la the outdoor department ares 

1* Physicians 
2, Pharmacy 
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3* Messing room 
4* Infection rom 
5* Ethology lib* 

Jli* care elements have been chosen am the services rendered 
in these counters* The list of cure elements used in the 
experiment la given in Table 12. 

4*5 Establishing Disease dynamics* 

The disease dynamics for all the diseases chosen 
is .. based on Interview® mh the physicians* She data collection 
is planned to as to bring out the disease dynamics* masher of 
repeated vislt«| md the care elements demanded* 

4*6 Design of the experiment for sample data collection* 

4*6*1 Data Collection Form* 

The data collection form gives the list of the diseases* 
ca re elements and proper instructions to the servicemen* A copy 
of the form is attached at the end of this Chapter* the data is 
collected for a period of 15 days* 

4*6*2 Disease dynamics from the data forms* 

In each form the following entries are made* 

1* Diagnosis of the disease 

2* Care elements serviced to the patient and 

3, Date of ememilistleti 



Frm a set of data fonts of the same disease 
different states are identified by grouping the sets of car® 
elements «loh are different for different states* The 
stationary probabilities are c aLeulated by dividing the nissber 
of patients to a state by the total number of patients in 
the previous state fro® which the transition was mad© to the 
present state* The disease dynasties is obtained by identifying 
these states for repeated visits of the Meats* The disease 
dynamics for the selected diseases is given in Figure '6* 

4*6*3* Other data* 

Additional data on daily incidence rate of the 
diseases under consideration, mean and mean square values ©f 
the daily dosages of services of each type for all the ten 
diseases are collected* The former from the Health Centre 
records and the latter from Physicians* opinion* These are 
given to tables 11 and 12 respectively. 

4*7 Computation and results* 

The outputs of the model, namely averages and 
variances of demand of services are computed. i ! he patient 
inflow is assumed to be of polo son distribution with average 
equal to the variance (10)* A sample calculation of these quanti- 
ties is given to - Appendix 2. The results ttm the model, are 
tabulated along with the daily demand of various quantities 
in table 13* 
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disc crssioff ma c one msim * 

S3BXZM8 A^HlOnCH ?0 H&OTB C MB XKIXWX mOBLQIS* 

In the second chapter* the sjrstsas approach to the 
design of health care delivery, -systems *m presented* first 
aitany alternative solutions mr& evolved and s#ith the feasibility 
study* the best alternative is chasm* The suggested solution 
is close to the existing sye ten and only seise parts of the 
solution era to be incorporated in the existing system to male® 
it complete* In fact son® of the aspects of suggested health 
education programmes are already in us© in the fora of Baby 
Clinic* meetings of iloaen f s association* It is suggested that 
unification of all these activities be brought under one 
administration* 

Free the results of the demand estimation model for 
the sample data collected* the following Observations mn be made* 
The distribution of qpiatities of medicine frm the model has 
a resemblance to that of the actual consumption* In case of 
services lifce injection* the values obtained from the model 
are satisfactory* 



2ie results far the services is the tturaacy 


counter are wash larger in magnitude than the actual consumption 
(table 13). In ease of pathology tests the results ftm the model 
are relatively wry low* Comparable roaambla-nee exists only in 
the case of Pharmacy section* 

The discrepancies between the results of the model and 
actual consumption are largely la® to the lnaeuraeies in estab- 
lishing disease states# transitional probabilities and the patient 
inflow data# the disease dynamics for every disease is not clearly 
brought out fro® the data forma because the patients visit the 
health centre invariably «nce only, and there will be only a few 
number of patients who will complete the disease dynamics# the 
transitional probabilities calculated fro® the repeated visits 
of these patients result in their increased values which lead 
partly to wrong identification of the states# 

Whereas the model is applicable only to patients with 
new case# the exact inflow of new cases is not recorded in the 
health centre* this is one of the reasons for appreciable 
difference in the results calculated from the model and the 
actual data* 

msemmL 

Wrm, the present study# involving systems approach to 
health care problems at local level# it has been established 
that t a* Mtbodologsr li «*M po-wr/ttl. A «r«B> *f JMaHrU l 

1. 1. r. ? . 

'•V'fHWm 

ac, . ,< 221511 : 


$2 


i&iglneers in easssultation with the ©sdic ,il experts have arrived 
at th© system «hlca resales closely the system assigned fey 
exparlerioed medical experts* Since this is true for a local 
health centre* it will fee true fbr the tie sign of regional 
health delivery systems and to the problem of adopting national 
health policy* In the opinion of the author, the netfeodolagy 
is powerful enough to lead to optimal sol atlas s of health 
delivery profelsa which meet the social needs* 

It has been safest antiatsd that the demand estimation 
of smrlces of a local health delivery system cam reasonably be 
modelled* ffee results can fee improved considerably fey tahtng 
data ever much longer period and identifying the disease dynamics* 
©are elements etc* It implies that even though health delivery 
systems are quite complex and not easily ame-swfel® to mathematical 
ffeitmlatlans approximate results of various tjasntities can fee 
ofetiteed fey adopting a stochastic process modal* depicting the 
complete curing process of diseases* tm model for which data 
is collected from a local health centre glv'oa result 3- *fsicfe will 
fee applicable to all the health centres of sis&ar nature* Similar 
ffemlatioss can fee done for complex health delivery systems which 
will help in improved assign md performance of such systems* 



tmm 10 

urn op ms&iSES: ssmtm 


1. Dyaentry md Diahorrt% 

2* Boll and carbuncle (Infected) 

3* Conjuctivitia and QpthaladLa 

4-. Laceration and open uounda (non inf octet!) 

5. Cough (other than t*B*) 

6* Viral Peeere 

7* Prenatal oar# 

3* Anoaia 

9« Hyper acidity 

10* Tubercuiosi® 



XABIa 11 


9 * 


lscimou nm m mmmm 


1. 

'Qfsmtrf m& Itela 

20 

2* 

Bail Mid Carbuncle 

m 

3. 

Canjuctivitis Mid Gyfc&aaia 

10 

hm 

laceration and oswj wounds 

3 

aff 

y m 

Cougfc Cottier t&an ¥«8«) 

35 

6. 

Viral Fevers 

15 

7. 

frsnafcal care 

5 

8. 


5 

9. 

Hyper acidity 

5 

10* 

Tuberculosis 

0 



55 


tmmiz 


M&ii AND I© All S QUAES ?AHfS3 OF DAI LX 
DO3A0SS OF CMS SSEMiSfS. 


SI* 

No. 

1,11, 

^ law® 

1 

__fi (.2) 

1 Car® & < 

0 olement i 

1 no. < 

6 mi 

f Mean 

1 A*) 

f Moan 
$ square 

d «) 


1 * Dys entry and Dihorrias 



1. 

Injections 

1 

1 

1 

2# 

Unispaaain fab. 

2 

3.5 

12.5 

3* 

Sulpha guladine 

3 

16 

256 


Thala&ola 


9 

90 

5* 

K&ollne Mixtur# 

5 

303 

9 

6. 

Enter io Vioform 

6 

7 

50 

7* 

Furaalde 

fjp 

6 

36*0 


2* Boll and Carbuncle* 



1* 

Injections 

1 

1 

1 

2. 

Dressing 

8 

1 

1 

3* 

Sulpha Ointment 

9 

10 gate 100 

V. 

Sulpha Diaalne 

10 

8 

Pfr 

5. 

Sulpha ThalaaoOLa 

V 

7 

50 


COOtd... 
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W ( 3 ) ( 4 ) ( 5 ) 


3* Conjuettvlts and Opthalmias 


1 * Injections i 

2. Sulpha Ceteraraide 11 

3* Raaplenicol 12 

4* ferraoyein 13 

4* Coughs 

1 • Injections 1 

2* Cough sect mixt 14 

3* Aspirin 15 

4* C. Mallet# 16 

5. Count 25 

6* Haeonoglobin test 26 

7. Total «f*B*C. 27 

8* Differential w*£.C. 28 


1 1 
7 80 
6 36 
6 36 


1 1 


3 os* 9 ns* 
6 36 

3 9 


1 

1 

1 

1 


1 

1 

1 

1 



5* Viral Fevers 1 


1* 

Injections 

1 

2* 

Braphorate 

17 

3. 

Aspirin 


4* 

Armljgiw 

IS 

5* 

E.B.C* Count 

24 

6* 

Baesooglobin test 

fat 


1 1 

3 9 

6 36 

4.5 22*5 

1 1 

1 1 
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<1> (2) 

6* Prenatal Caret 
1 * Infections 
2* Fersolate 
3* Multivitamin 

4 * Ancolosin 

5 * Haemoglobin test 
6* Total W.B,C. 

7* Anemias 

1 • Injections 
2* F • A*C • 

3 • Fersolat® 

4 « Ha emat r in 
5 * R .B *C * Count 
6* Haemoglobin test 

8. Hyper acidity 

1* Injections 
2* Geluail 
3* Hnteriovloforn 
4. JS*a#R# 

5 • Routine stool test 


(3) 

(4) 

<5> 

1 

1 

1 

19 

3 

9 

20 

1 

1 

21 

2 

4 

26 

1 

1 

27 

1 

1 


1 

1 

1 

22 

3 os« 

9 os 

19 

3.5 

12.5 

23 

3 

9 

25 

1 

1 

26 

1 

1 


1 

1 

1 

23 

3*5 

12*5 

6 

4.5 

of 

mmmff 

29 

1 

1 

30 

1 

1 
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RS&HTS F.iOK ams MCDEi* taeuussd -mu 
actual a&m mmmmim * 


"""" ’ T * 1 * " ’' I" ' " 1 r — 

Care 1 M 4 K S ’Daily 1 Varianoe of * Actual average 

element * ’average * demand from 1 consumption pe 

Ho. * ’from tli® f the model * day 

* 1ll0dfl3L . # , . * 

( 1 ; « ( 2 ) « * ( 4 ; « ( 5 ) 


t 

Injection 

208 

208 

110 

2 

Unis pas sain 

251*05 

896*6 

150*00 

3 

Sulpha guiadioe Xabs694*94 

11119*10 

m 

4 

Xhalazola fab. 

180.16 

1801.6 

m 

5 

Kaolin® Mixture 

2C4.83 

614*5 

m 

6 

Snterio flolbrs Xabe .444*67 

3*7M9 

5 60 

f 

Jfur amide Tabs* 

260*22 

1561.32 

m 

8 

Dressing 

41.68 

41*68 

m 

9 

sulpha ointment 

234*6 

2346*0 

m 

10 

SulSfea dimzlae Xabs.431.53 

3452*25 

m 

11 

sulpha Cetemmid® 

(eye drop) 

352.82 

3136.19 

m 

12 

Rampisnieol 
(eye drop) 

93.60 

561.00 

m- 

13 

XerraayolnCeye drop) 48.00 

288*00 

m 

1% 

Cough sed mixture 

334*56 

1003.68 

/Hit ' '; ' 
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< 1 ) 

( 2 ) 

(3) 

CV) 

(5) 

$ 

15. 

As p&x*«l3i X Ab s « 

1172.86 

7096.15 

660.00 


16. 

C .Mallet® Tabs, 

373.30 

11 36 .VI 

330.00 


17. 

Brapiiorate mixture 

91.82 

275 -V 6 

an* 


18, 

Malgin Tabs. 

220.89 

11CV.85 

200.00 


19« 

Fersolate Tabs. 

190.77 

V06. 75 

VOO.QO 


20 . 

Multivitamin Tabs. 

**■ 3,50 

!*3.5 

- 


21 . 

Meolaxln Tabs. 

80.00 

160.00 

- 


22 . 

F.iUC. Mixture 

k 6.26 

138.78 

m 


23. 

Gelusil 

105.00 

375*00 

- 


2 V. 

Haeeairln Tabs, 

39-V2 

11 9 .26 

- 


25. 

R.B.0 # Count 

13.80 

13.80 

m 


26. 

Haemoglobin test 

17.86 

1 7*86 

m 


27. 

Total 1 *B .0 . 

6.92 

6 «92 

m 


28. 

Differential tf.B.C. 

0.0 

0.0 

m 


29* 

iS.3 *R . 

5.0 

5.0 

m 


30. 

Routine stool test 

5.0 

5.0 

■m* 




; • ■ , V ,l<. . t . 


1, 1%., IS & Ife 


is am 
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, 1 3 , 10 , 21 1 
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^ K -^g. pf^natOi Care. 
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Derivation of analytical resalts for average and variance 
patient census and demand of services in terse of semi -Markovian 
parameters. 


In the analysis of send "Markovian processes* an important 
quantity is the interval transition probability jS^Cn). It is 
the probability that a semi -Markovian process occupies state 
after »n* intervals of time after it enters state. Supers- 
cript i, denoting disease is deleted hereafter. This interval 
transition probability is calculated from the basic parameters 
of seal -Markovian process* namely and h^Cn). thus (ID* 



(n) 

* 

S 13 C *l (n> 

+ 

s 

z: 

p lk 

n 

H 

b ik Ca) ^j£j(n—m) 






kal 


asO 

1 a 

% 

2* 

** * 

S| 3»i 

f 

2|.j> mi 

.H | B 

a 0* 

t* 2,... 

where 

^13 

2* 

0 

if i f 

3 






m 

1 

if i m 

3 


and 

e 

w i 

represents complementary 


cumulative mass function of residence times. It is defined as 

c %fj(n) » f._ .4 Puc* 1 ‘lk (a> ’ 


In the present discussion, let #,j(n) indicate the probability 
that a patient is in I th state exactly n days after he entered 
the facility. 

Another useful quantity is indieater variable xj(l # t) 


which is defined a* 
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X* (l.t) = 1 if the a ta patient Jho arrives at the 
K 

facility ®n day 1* is in state k of the same disease on day t 

a 0 otherwise 

The expected value of this random variable is. equal to the 
probability that its value Is one Which in our ease is the 
Interval transition prdbabilityf.k (t-1). ‘With this definition 
of the indicator variable* the various quantities discussed 
in Chapter 3 are writ ten in terns of the Indicator variable* 

1 . jU* * Humber of days a person stays in state 
k after he enters the facility* 

There are several possible ways In which a patient 
th 

can stay in k state for t days* 

^*J| 

1 . He can directly enter X state and remain there 

t lH- 

^ (0*t) m t 

2* He can enter some other state and stay there 

th 

for 1 day* .and then enter fc state to spend t days there* in 
which case \ (0*1 ) « 0 \ ) * * 

3* He can enter k* h state after spending 2 days 
in some other states •••*• 
and so|ii 

a dding up all these cases it makes upt© t days* But by definition 

m <?Q m, 

of 3^ (0*t)» these make upfco (0#^) 



6*f 


I 00 

_ r- ^ 


2*> 

3 1^0 1,p <3C k <0 » t) 
cx> 

* ia> < r- ifcCt) 

_ • 

K * L^i (t) 


D 


- (i) 


2#V jk * 1 041211 niaab « r of clays that a patient <#111 
occupy state j of disease 1 # with another patient occupying 
state k of the same disease, both hairing entered the facility 
on th. — day. SiaiUr to/^. w. got. 


T 3k 3 So x j (°» t > • A <°* t) 

%. - feo *j<‘> • - < 2 > 

3*ni (t) a masher of patients occupying the 

* t 

state k on day t »XL lai0 Z_ aas i xfCJ,*) 

5| (t) .jfijKt U> • ^ <t - i) - (3) 

4*0^ (t) * total miaber of service of type a 
demanded on day t 



Similarly the variances of tl mam quantities om 
he obtained by taking second ament with respect to the 
Indicator variable* 



sample CAMXJumm m iaa Mims* 


For tii® purpose of illustrating th® aethod of culcmia-* 
tteg th® aw age donmd und Its variance* the disease dynamics 
of Hyper acidity iu considered* Tm disease dynamics is ^30«n 
dlagrassutiiCilly is figure 6. 

Th© input ■guaatitiee of this dlsaas® Am 

1) Patient infiew » * 5 

2 ) Mm dal If dosages of 

a) Injection 1*0 - cure element Ho* 1 

b) QeluslX j.uh* 35 t»««JSfS* curs ©Xssient So* 2 

c) mtm&m&Qfam k*$ tabs*cayr® mlmmt So. 3 

3) Jfean £ quarts of th© dosages 

a) Injection 1*0 

b) <5 email Tab* 12*6 (Tatos .) 2 

c) mterlowlofora 22*5 (Tabs*) 2 

4) Ihm transition probabilities and oar® elawnta 

in each state are* 

a) State So. 1 0*5* 6, 23*25*29*30 

fc) State So. 2 0*5* 1* 6* 23 

c) State So. 3 (0*5* 0*5>* <0*5* Q*5>* 6 and 23 

d) State Ho* h (0*2* 0*5, 0*5)* (0*5* 0*5)* 1 and 23 
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*hsrs23 25 29 1 30 

are pathology teats* 

5) Hi® residem© periods for the states are* 

a) State Ho* 1 

2 days 

b) St Ate He* 2 

3 days 

c) State Ho*3 

? days and 

4) State Ho* 1 * 

7 days 

Calculations* 


ju t » 0*5x2 * 

It day 

ju 2 * 0*5x3 » 

1*5 days 

j^ 3 * 0*5**0*5*740.5x0*5x7 » 3*5 &*ya 

a 0*5*0*5*0*2x7^0*5x0*5x7 * 2*10 Sag** 

\ x5c iK 


» 5 

» 21 n, d 

Ifl IS If' »$* 

& » We 

n - 7*5 

s 


n 3 « 17-5 

•n, » 7.5 ♦ 10.5 - 17.5 

^ > 10.5 

U - 5*3.5 ♦ 7.5 * 3$ ♦ 17.5 * 3.5 

5 


» 105 


?» 5*fc.5 ♦ 7.5*M ♦ 17«5**»5 »10.5*>». 

23 


* 182,5 
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V(B 1 > * 2^ ^ * 7*5 * + IQ*? 
V(X> 2 ) « 12.!?0+7.5+17*5> * 

V(0 3 ) * 224 (5+7.5+17.5+10.5) • 


« 174 

375 

910.0 
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